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DIVISION OF APPLITD CH€MISIRY OTr wA 2,

lwrc 29, 1959.

Dr. Aksel A. Bothner-BY,
Mellon Instit'ut€,
4l+O Flfth Avonu€t
Pittsburgh 11, Penna.

Dear Aksel:

Eaclosod please flnd the sPectra of c13 and trans
butene oxlde and pröpylene oxLde. It ls int€r68ting to con-
par€ t,h€ CHI-H spin ioupling acroas the oxide ring and acrosa
the double 6ond lM€uodrr #f). In each caso there seems to be
a etgnlflcant re<iuctlon ln spin coupllng when an oxyg€n ls. ,
atta;hed to the two carbon atons. It cÄn also be aeon that the
soin coupllne for the trana lsoner is less t'han for the cl8
t'soner oi thä oxldes but the revers€ 13 Pt'obably true for th€
olsflns. Unfortunatoly th€ resolution 1s not too good for the
6O Mc. epectra but f,oliowlng are th€ aPproxlnäte resultg:
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nBsolutlon NucLear Magnetic nesonancsn, J. A. Pople,
Schnelder, H, J. Bernstoln, pg. 242.
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Follorülng ar€ a few connonts on your nonthly letters.
I gr€atly appreciate the lncluslon of ühe btbllography. Its
thorough coverage of th€ forelgn Journals ls especial,Iy co!!-
mendable. The only queetion that arLses Is tho sultabl}tty of
J.ncluding arülcles irher€ a ellght nentlon of, Proton resonanc€
spectra Ls nado ln an artlcl€ prinarlly devoted to Eynth€Els or:
structure proof. Thls ls real.ly not a coeplalnt but just a
polnt for dlscussion.

.I an very pleased to see thai a conpound eynbol ls
being suggested for describing chenlcal shifts, I thlnk lt
advlsable that the referenca compound be sPeclflcalll stat'ed
ln the synbol Eo that lt wlll be applicable üo oth€r'isotopos-
as well äs proüons. Th€ suggestior,'-to descrlbe frequöncles of
lndividual ilnes ought to bö-useful ln thoso casea uhere thero
ls a conplex spectruru, however, ln nost ca8os iü is unnecessary
to have ine auät notailon. this ls a polnt' ln favor of t'ho tuo
oothods of describing data since th€ more cotoplel noüatlon in-
cluding v rs rüt"LL only be needed in ths mor€ conplex casos. My

u

Hr 2)4
standard conpound

lnc. or ext.

k

i(Jl, only Ln those caees
, and

L 23 4

where calculatlons of chenicaL Ehift aro not ineodlataly obvloue.

Yours trul"ttt

u
S. Br.omsüej4.
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RES&IRCH DSPA&TMBNf,
The Standard Oit Conpany (Ohio)

SOHIO IIAGNET COOLI}IG SYSTEX

W. R. Ritchey May 13,1959

In order to obtain high resolutio! Nl,lR spectra, the cooling water tothe nagnet must be controlled. This applies not only to the tenperatqre, bqt
also to the flow rate. The Gensitivity of the magnet to fluctuati.ons in ttre water
supply can be nioinized by insulating the water pipes f,lom the nagtret yoke and
adjusting the magnet coil.s so that they are not in contact with the pole pieces.
The degree of control descrj-bed below ls nore than adequate if the above iwo
precautions are followed, This systen (which can be built for less than $2,000)
has been very satisfactory for the past several nonths, and thus far its shört
cooings have not been realized.

Wate! is suppli.ed to the nagnet at tbe rate of 2.0 1 1% gallo[s,hinute,
cotrtrotrled to 1 O.loF. The discharge fron the nagnet passes through a Ross heat
exchatrger during which its tempe(ature is adjusted to be near final control ten_
peralure and is co[trolled to I !oF. The exchanger discharge then lasses to the
constatrt temperature bath in wttlch the fitral regulation is performed.

The coretant tenperatttre bath is an Aninco type 4-8600, haviog a 16-
galloa capacity aüd equipped with a IOOO watt heater and a refrigeration unit.
It was nodified in several respectsi The 1/3 H.p. refrigeration unit was
replaced uith a !/'2 H.P. unit (f/3 H.P. would plobabty do the job, but ours was
defective so we replaced it with a larger one), The binetallic thernoregulator
was replaced with a lMicro-Set Ttiernoregulator (8nil crj.ener #G-24653), having a
sensitivity of r O.o2oF.? adjustable over the range of 5O-22OoF. Ihe iontrolier
was redesig.i€d i0 orcler to elininatB the 30 sec. tine delay on both cycles so
that we now have zero tine delay on heating and 10 secs. on refrigerating (for
protection of the refligeration unlt).

the water circulating punrp is an Aurola DV-31, all broüze, turbine-
type, purop-close couple4 to I/2 H.P, sir€le-phase, ll5-220 open type notor. The
punp is very qqiet. A series 30, W4tts diaphragn pressure retisf valve (nodel.
fSP-30) is adjusted to provid€ ä constrant ftow of 2 gpn, utllizing E Brooks
#FV-lflO Rotoneter size t8, lauge 0.4 - 3.5 gpru. Ttre flown6ter ls eguipped with
a type A! alarm uhich is set so that 4ny flow rate autside the lr4 to 2.2 gpn
range will shut off the power to lhe nagnel. A presFure gage downstrem from
the floweter is also useful as aü lndicatlon of the condition of tb€ water
fitter on the nagnet.

The heat exchanger is a 4-pass Rgss type ECF Part #?M5O2A13, aod tbe
flow rate of city water is controlt€d Wlth a Fulton gylphon "fultro li.latrlc vaLv€
flllocr range 55-l05oF.

Thermometers are positloned on cil.y water llldt and outlet aud nagnet
water outlet on thd heat exchanger. Another ls in ttr€ (ater bath andr finallyr
one downstrem froß the floweter.

If you desile nore detail on the Sygten, plcase contact tlle ne$earch
Depaftnent, l)re Staqderd Oil Conpany (Ohio), 4440 llBf,rensville Cönt€r &oqd,
Cleveland 28, Ohio
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RTSIARCH DEPARIX{IjM
The Studud OiI Conpey (Ohio)

SOIIIO T{J&BIN!-PROAß INSERT ALIG!ü\{BM lUlL

tl. M. Ritchey July 31,1959

Erratlc ssple splnning h&s plagued us conslderably in our hi-resolutlon
studies. IJe found that cor!€ct turbine-probe lnEert allgment is as critical
as consturt air supply to the turbine. In ordet to sccooplish correct align-
nent we constructed the aligment tool shown below.

l<-r-rlüril
-T--

@

1-thr€aded to fit turbine
nountlnt ring on ptobe

slip fit in inEert

cslt ?-cb c-"8,

6'8 nd 8'{ T33n

7:tt 8.lc

q[r Ocllr

(rt )
?h coaclls

1'98 6.a5 8,o5 T?.p.'
Spectr.a of the lsonollc ruethyl gsp-atlmethylclnnamatea (40 üe/eec;!V/" CCl.+ wlth T.M.g. eg lntel.naL'i.ofonencäj.--

T-he observed r.lne poBrtrone lndrcate that the aromatlc nucr.eus 18
l9ueuy perpeuolcular to th€ pLane of, the carbon-caruon aouuio bona.Tlrgl ttr€ nethoxyL neaonance ln the cts oBter ls aianradjoitäiffv--shlfted.by Bone o.b p:p.n tnüloati.n[-that thls group iios-oüäy'tbolop oI't}Ie ar.onatlc rlng. In tho trants eetel. tho o,_!,!e resonancosufl'ers a oimllan tuana8netlc Bhift-förr-the Earn6 roason anil at thesane tlme the B-Me exhj.blts a paramagneticBhlft lyltlch "rie.J erom--the long range ohleldlng aseoclated v;lth tho antsotropy-df tfrä- -canboryl carbonyl aloub].e bonal.

T!9 tfglp-feone! alao provlalea a c]ear cut exanp).e of coupLlng(J=0.99 cps.) acnoee four öarbon atone.

L. arli toskmtlq
J. W Lourt.
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The allgment is rcconplisheq by repositlonin8 the turbirre eent-
ing ring untll this device can screw-iq and out freely. Itie foqnd it necessary
tg enlarte the holes ln the turbine nounting ring. Of course, any tiDe the
insert is renoved frou the probe, re-aligment ls necessery. lllis has lesulted
ln not only nole consi.steot sweeps on the scope, but also in sone resolution
iqprovenent in recorded spectra--all other factors beint equrl.
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.Ir9[-teg!grs.t}'r.l:c-..!ul!,s.,]Iodj.!i''rr t l-Qrl.

'nho syctom ileacrlbed ts rrsed f,tr exanl,rlnA ve7'y unstAbl€, compollndH

nh$r's the prlrne conBlderatlon 1s the repld transfer of the sanpLs lnto

l,ha pre-coolert apparatrrs.hhe sarnpla tobu" ar'.' stnrn uslrlp tlle rrtandaral

Vsr'1an turlrlne and tlre res()luti',n aclrlevetl Inee encloeeil r]l)ectnlm of

-(ll{c- ln dlothylaminells adequate for nrrst purDo$es.'l'he 1oßs in Eensit "

lvltyrresultlng I'roll rrllng thellmrn insertrls nnl. toö R.lrlourr as can be

üoalt frorn the epectrrrn l.Attenuation xt f'eakagetQOlAl.Tenrper8tures ot' the

ordor of -l5O"O have beer acbleved and kept conslartt, to loc for perlodB

of 2() 'flinutes.No moillfloatl.on to tho Varlsn lnsert :$ requlretl.

the unsilveretl dewar 1"8 placed lnside a stanilard Varlarr llnun lnsert and

h€lal hy a Blnple Bripport a.ttaclied to the probe body.l'he dewar head was

nraüo of nylon Ilow heat capacl.ty] alld it wrra founi'l necesga]'v to have ritl

O'rlng ns thown to provent 1tg sinkir'B lrtto thr; It.?9 rrocket on conl,rsct

lng and subs€quentl:v c&uslng ttamsge on warnlng up.The tenlpcritture w&fr

mefrollred wlth B thormocnuple which paeireal l:hrout'fr the dewar head'an.l wa:

takon as olose to the sample ss deeired for nnv lra'tlorrlsr l'rrl'rroBe'

Llo prevent coyrdenaati,)n witf,in ttie jnBert lr oottoll wool slecve was fit,ted

ßround ttr€ dewer Fbove tlre ilraert enttlrnce.tl'he low tsrtpsxatu]'Ür. itI'.r

, roAcli€tl and malntajnetl tiy rr streanr ol röl\"i lJ. gäs suPpljt;{ hy a J ltlrrld Ng

bo11er.
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Departrsnt of Chenlstry, Tho !,lanchostsr Collogo of Scl€noo end
Techaology, Mancheotor, 1.

IYhon, becauso of rosolutlon llrnltetlons, tho Belaratlon of tro
abgorptlo! banils {n a spln-epln nul.tlplot la too Bmall to pornlt
dlrsct meaauronont, lt nay b€ poaslblo to apply tho 'rlggle boett
netho<l of C. A. Reiltyr. InBt€ad of the strmp1e erponentlal docay(xlth charact€rlatlc tlne Te) for tho rlggles followlng a slnglc
band - assunlng a sufflclently raptal fleld or r.f. eweop and a
llnear audlo roaponso ln tho rocelvor - a noro conplor patttrn
arlsos ln rhlch tho onv€Iopo oquatlon tak6B thö for[

vr(t) = 2yoe-t/Tecoeirxt , ----- (1)
lhere V6 le tho naxlnuur anplltudo of tho absorptlon band, t ls tho
tlno effcctlvely noasursd frora thls Daxlmun anil r ls tho band ecp-
aratlon (ln unlts of tlno-r). Tho tlno lntorval botween adJacont
ertreoa of Vr(t) le then elmply tho lnvorgo of r. Rollly stat,cs
that tt le also poesXblo to derlve tho band aoparatlon frou tho
tlns lnterval botwoen the bend nexlllu& and ftr;t Vr(t) ortronun
but that hore a knorledgc of the tranavorao roleretlon tlüo 18
requlrod; the relationshlp ls not presented.

IYo havo oramlnod aaveral epectraa ln rhlch tho cloeo-band aop*
eratlon and tranevores rel.axatlon tleo aro such that only ths flr6t
boat envelopo oxtromum appsara ln the rscording and ln euch cascs
ro haro had to regort to cslculetl!9. the spllttlng fron thc
Ta-dspendent interya.l (deslgnated t-). Fortunatoly, other banal8 ln
th6 spln-spln multlplot nere "' Bufflclontly lsolatod to aLlor
a. reaaonable €atlnate of Ta by wl6gle <locay measurenenL (although
aone ostlnato could bo nade fron band rldths 6v6n ln tho abeonco
of ecldittonal ben<le). tn tB rolatog to r anil Ta by

t* = ftry'rx)tan]'(*Iln*t.l] ,rr"ruu botw€on l/2x anil r/r. ---(ft)

Iä"{l*;rl"lU,te 
plotted asalnst l/x for varlous valute of Ta. cortaln

(1) Even lf Te ls conpletely unknown, Ilnlts nay be appllsd to
ths band oeparatlon.

(2) Tho maxlmum valuo of tho separatton ls tülc6 the rln{nuo.
(l) fnu Bmaller the bancl eoparatlon, tho nore proclaely lloee

ono noed to knor tho transvorse rslaratlon tluo.
A typical applieatlon of the nothod ls to CHaCl,CF3Brl art Ä2X2

caser 4 ln whlch JHr # JHI, and JpF.)Jng, Jgp, Jgtrr. wlth'nar*
lrunt audlo fllterlng, both the rH and rel epectra apl,sar aa a.

l:2:l trtplet but lf the flltering capacitancs le renoYod froq the
audlo 6tage of the recelvar ( a flfth poeltlon may be. adtled to the
frsquency Responao ewitch of tho varlan v4l00B 40.Mc/s 5p€cttomoter
corroaponallng to open clrcult by rrrovlng tho etop)' the wlgglo pattsrn
after the central band lndlcatos a doublet natune (Flg. 2). Fron
an oetlnatlon of Tq fronr tho outer bande (soparated by 12 eac-l fron
tho central bands) and a meaauromelrt of t- (tho narkere ln tho
lof,or traco are at I second intervals), "'tho doubl€t 8plltttng
(a functlon of Ju"r J*r and JTT) rs ostltsetod as 0'4 eoo-r .
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-2-

#+rl

?. {r 5 . 6- qcrrlllrlllo!edEElryLEl{Epr 
^ilrtrE]}-we.

lrovblonal nerouro&entt enil analyela.

Fx

r,

*fl->I
x

l
L]

47t.1
-26s2

F^ Nfl,

A

trll rtll
il

tl

6.6o 1g.l as|
)1'? t?'t
\ö/'

4t.7 u.s

Y
t24.4 #

gpsotrouotort lullard BL44 XkI

Froquonolr r 30.ll llap6
golvent r AostollÖ

Cono. I 3ll

Ioop. ! 34o0

tJpa rB2

1:: lr
Jr,x

Jll.
Jnx

9.8 pDo

r3.4 ppu

6.6 opa

al.3 opB

<2 apa

L.F.lbonaa,
DopertD€nt of Cbonlatryr
Unlv€rslty of Btrlrlnghu.

fre. ? rH apootrun of CHaCl.CFeBr
at 40 t4c/6

{



\/ARlAnd cns$osltrle$ , r,rtr,hl| vARIAN
I iür{!n j

W . / ,.rro(rolor

öll t{ANs€N WAY ' P^LO atlo, CAtlFORilla UaVI ll0ORI 6 {000

August 13' 1959
Drc. A. A. Eothner-by and B. L. llhaplro Auguet 13,1959

there are nore llnes thao nqt qhlch owe lheir poelllon to a cmbr,uation of,
chenlcal ehlft and Epltr couplldg perturballols Bo tJrar Chey csnnot be des-
cribed ln fletd independenl unlls. I aleo do no! agree wlfh lbe sleieBenE
thet ve should always oDlt flgures lf daba can be tebulaied. Obvloualy, lt
1e deslrable !o avold flguree vhere posslble for epace reaeona (ae every
Journal editor already 6ugge8!e) but alnee no NllB speclru 18 ever lnter-
preted wlth coüplele objectlvlty by lEe proud ouner, there are uny subtle
detells uhich cm escap€ detecllon lf they are conyenlenrLy Hllhheld froo the
reader. If the old saylng 'rone plclure 16 vorth a thousand sordsrr ls true,
I even questlon whether we aeve Euch apace by leavlng sullabl"y choren f,lgurea
ouE of the lournal8. ln any caee, let€ leave 1l up to the referee to declde.

In order not !o glve the lnpresslon that tht8 letter is an entlrely negatlve
one, I vould llke to present aooe recen! flndings ln our labor&tory concern-
Ing the NUR apectru of nelhyl acetylene. Tbls Eoleeule le an A3B systeo of,
nuclet wlth a tr13 rarLo of 1.33. Analysia of thlaned.y accldenlally degen-
crale Nltlple! reeults dn I best flf of experiEeut and theory for J - 2,9
I o.t "p" nd, f, - 2.2 t o.z "p" (0.037 ppn). I{e have,howeveq neaaured lheae
quantltles nore accurately frou an malyele of the epectra of all lhree of
the nolecula! specles contalnlng one CrJ nucleus ln neturql abundance. A
lable of obgerved frequencles la lncluded whlch wll1 be subDltted for publl-
callon along vith a more deralled agcgunL of thls vork,

Drr. A. A. lothner-by rnC l. L. $hdPlro
Nellon InrtlCuta
4400 llfch Avenuc
Plttsburghr Pennsylvsnl4

Dear Ak8el and DarrYl

i thould 11k8 to r!4r! th18 lelter out by congratulalln8 yqu on lhe work you

Luu" Uuun doing 1n gott{ng out Ehe UrUOMIB Nevs Laltor' Th!8 ts real'ly a

t.*"naou" ser;lct;o sll NMß EPectrosggpitts and I feel that you cannot be

comended hlghly enough for underta&lng ll"

I ;as s ltrtle surPrlsed ehe! I opensd 
''86ue 

!o' 10 and dlecovered tba! no!
änii-"""-lout".i "äf"tu." 

üow Eerved wtth s ser of .E4sg++PEg fi",,l?dg1lq- -
the'accepiablttly of NMB PaPers bu! are cven Provlded wtEh arrgulde" ln order

io-r"tu i,utu th.i th"y do-nät ln1ect thelr om oplnlonn' I f,eel rather re-
io"a*t to lake l8eue vflh thls iPparently Yell'aeaD! effort, bur feel thal I
*si-;ti"t out lhe danger In rakl;g away fron referees the Prerogat{ve of
exercleing thetr or{n Jud€tüent.

I thlnk uany of lhe Polnts uhlch George Tlere has Ede are vell' raken' and

U"a-ttu"e b!.n preserfed under lhe heiding Itauggesllors f,or Journal refereeetl

i tould have beän incllned to 1e! ihe M!!er PaE€ wlthout co@ent' llo{eyer'
!o u"" uo 4nalogy, lhe Pre8enlstlon of e 8e! of, requlrfletrts for Journal
refereea te ratüei l^ike-a baseball Player Preaenllng lhe uPlre YlEh a set of
iirl"u"iro". on how to call lbe balle sld itrlkea ao he stepe uP !o the Plate'

The gqide would be üors PerFlnqrt lf 811 NMB PaPers rere congemed solely
rilth-ghe pre8eutaLlol of sPectral dale for caüalog PurPases' Bo$ever,-one
r"Äl ""r 

ioae eight of tbe fact lhet tho gg|g, Purpoee of nany papere 1o to

"oive 
e "pecftfc 

problen, and the prerentailon of suPPortlng data ls ln s

""nuu 
u tv-ptoOucl. qotLu often, ihe probl-en can be Bolved wltbgui exhaue-

ii"liv-rti.itrtg air ioeertre da!e, although lhe calelog velue of, lhe partlal
data ie reduced-or poaelbly even ellnlnated' Nevertheleesr ue cannol,lnsl6l,
that eyery chenie! üesgure- all ltne PoBitlons 1l1th greaE Preclelon and rePort
thq ln s cerlain f,onc if e stngle llne frequency or a shlft in Poslllon of
soue l1ne could have pgrülfLed e 8o1u!1on of lhe probles at hand.

l{tth one or lwo polnta I slnply cannp! agree. I dq agree th4E chülcel
shlfts should b" Iep*!e4 tn fleld lndependent units' but when theae are de'
rived quantltleq ;;6ar Ehm dlrectly obaerved, the gsgglg of the
pultlplel ltne8 frou whlch Ehey are dorlved thould be SlYen' After e1lr the
author üsy no! have perlomed lha calculatlqn correctl)r. In Dost Nllß sPectrs,

lilgnal I
0bserved

(underltned)

c13H3_c12=crh

c1h3_cr3=c1h

clhr-c13=crh

clhr-c1&c1h

L72,9, L7O.0
41.5, 38,6

y' (cp")t ,1g(cta)b Jst3'(cpe) Average

99
109

129
78

t, L02
tL2

0
6

2,9
2.9

2.,9

3.9
3.0

131.4

10.6

50.8

247,6

10s.7510,07

105. s510.07

r07.90t0.05

lo7,8610,05

9,1.31,9,134,8,137.6
0, 81.0, 83,9, 86.9

227.3t 23O.X, 233.2, 236.1
-20.5: -17.5, -14.5, -11.6

a) Indlvldual llne frequencles vere each oeaeured several ti[ea and averaged.
ttre etandard devlation for these qeasuxenent€ te h.l cpe. The reference
conpound vaE leEraüebhyl sIlane ln a caPlllary tube.

b) AveraBe of con8ecutlve llne aeparallons ln second colle.

ItysnoNs, IilvftlNG WÄV€ IU8fS, SACKW^RD WAVE OSCTtLÄrOßS, ilNfAt AccftffAroßs- Mlc*owAve sYslEM coMPoNrNIS.

i, i. sncnourrens. uroNEIs. il^GNetOMErEns, Sr^ros, rowfR aMft,fleßs, cfl rHlc *6coßoff5, 8fs6ficH ANo orvÄrofMENr sEßvtcfs

Thet- mea€uroenrs of the table sllow qs !o sEaEe thet J E 2.93 t O.O5 cpE and
2.1 i 0.1 cpa (0.035 ppu).

@
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In addl!1on to tio frequel$tep rePorred ln ghe tablor we hsYe found soee very
veak ltneg syqeErlcelly loccted abouE fhe cheülcal shift pogltlons for lhe
two types af prolons, rihtch f*lt cnong the wesk llnea of übe A3B pattern of
lhe lsolopically norul raolgo[le, and whlch ere lopated on rhe absorPllon
wlngs gt slrong llnes gevel;gl sycles away and between drs and lwo rhoueand
!lEe6 as Lnlenee. For fhlr reAson we were prevenlo(l fron obeervlng all of
lhe llnes gf lhe NlFtpl6Er 4trd therefore alEsch letsö perteinty to lhe assiBo-
nenEa. If our aselRNents dlg correc!, Jnl3u for Ehe uelhyl grouP ln the
epeclea c12H3-cr2=gl311 1s 4.s cpe and Jgrig In lhe tspecles 913113-612=gl2g 1,
4.5 cpe for the prolon on 1:ho carbon aEoq a! lhe oppoelro end of the nole-
cule trpo the C13, Ir would €een lhal vtlh lhls eotgplefe eet of Jg13g
cgupltng consian!8 we ought Lo be 4ble !o see sone relaElotrrhlpe betueen Fhs
vhtch are relFted to the gletrtron{c aCructure of thc noLecule.

CongrstulaElon8 agaln on lhe !€rrif,le lqb you ere dolng wtch UEIÄOIü'IR'

Slucerely yours,

!a*^". )4 5/"{t^2
Jaues N. ghool.ry t'/

Varlan AsHocletes

Dre. A. A. Botrhnsr-by snd lr ü. thsPlro

JNS rnJr

-t- August 13,1959

@
A prograo for fhe IBM 7Ol coeputer hae been developed whtch accepl8

as rav daEa: NUCLEI, the trumber of sptn l/? nuclet- (up to ?); tJ(}) Ehroug,h
H(NUCLEI), lhe chemlcal 6h1frs (in cps); end A(I,z), A(I,l):..A(NUöLEI-1,
NUCLEI)r Lhe coupllng constan!6; a[d producee a tabularlon of the spec!rum,
gLvlng posltlore end lntenellles for all llnea. The conplled progra$ tg
avail.able ln SAP language. Arrange&enl8 for lenporary loan of a progrs$
deck, whlch ls easlly dupllcared, can be nade.

The nachiue ouEpu! t6 aE preselr! on nagnellc tBpe, The tape ig
Eransferred lo an off-ltne prlnter, In order !o conaeile machlne !lne. If
an off-l.lne prlnler ls no! evallable a nlnor nodiflcatton of the prograqr
vl1l allow dtlect read-out or the punching of ouEpuf daEa cards,

Typical tines requlred for lbe calculgtlon of one specgrun ere

, nuclei. tu O.OO1 hr,

l+ nuclei ru O.004 hr,

6 nuclel ru O.lll hr.

Theee tlnes do noE lnclude thts tlne requlred Eo read rhe progr*rq
lnto the qrachlne

A uote oa AXXr where .t^* I J*r

tn lhe lnterpretaElou of Epectrs of organtc conpounds, rhe slEuBtlos
le often €ncoBntered thar ooe profon ls dlffereDrly caupled to rwo other protong
whlch are thenselves coupled, In the BSF repreEenta!lon, the caEe lr AX2(or AB2)
where Jay f Jor, and Jvyr I o, If Lhe Xxr coupllng were ln f4cE zero, one
would oürierve'Tor the'*'Are and for the Xtr a double! of doublels, IF ls
lntultlvely altractlve, tf noD readlly loglcally denpn€EraEed, that a6 the l(Xl
coupllng ls tncreased, the X" p4rt of the syEfen vlll behave urore and nere
f.ike a unlt, snd ttE paltertr wlll rend row{rd q l.-a-I frlpler for the A an{
a I-l douhleb f,or Ehe Xrs. The Feusltlve p€rarsecer w{11 be of lhe foro
f =.t"*,/(J* - J*,1. So$e calculatioos perforqed on a semple caos dcno[sfrace
ch4c lliai +:hai€e ov-er fron one pattern to Ehe ofher occqrc eurprislnBly fast.

The (:ases calculaced were Jry - ll, Jooy = o, Jyyr = Ot J, 6t IZ ol
P = o, o,>, l.o, ?.0, The cheulcdl sehlfr'waäÄ'teten aÄa')oo 

"yli"", ttr"
reoulte are plotted be1ow,

C6utlon ls clearly lndtcaLed ln drawtng cqncluolo|ls beeed on an spparenr
abs€nce of dlver6e, (e.g. g.lf, rrarJs) spln-HFln couplluge io au obs€rvEd öpectruo.

A. A. Bqlhner-By
UG}lön Instttute
Plttsburgü lJ, Po
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